IGR J16493−4348 was one of the first new sources to be detected by the INTEGRAL γ-ray telescope in the 18-100 keV energy band. Based upon spatial coincidence the source was originally associated with the free radio pulsar PSR J1649−4349. Presented here are the results of 2.8 Ms of observations made by the INTEGRAL mission and a 5.6 ks observation with the Swift X-ray Telescope. Spectral analysis indicates that the source is best modeled by an absorbed power law with a high energy cut-off at E cut ∼15 keV and a hydrogen absorbing column of N H =5.4 +1.3 −1 × 10 22 cm −2 . Analysis of the light curves indicates that the source is a weak, persistent γ-ray emitter showing indications of variability in the 2-9 and 22-100 keV bands. The average source flux is ∼1.1 × 10 −10 erg cm −2 s −1 in the 1-100 keV energy band. No coherent timing signal is identified at any timescale in the INTEGRAL or Swift data.
INTRODUCTION
Since its launch in 2002 the INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL) has been making regular scans of the Galactic plane and the Galactic centre as part of its Core Programme (Winkler et al. 2003) . The Imager on-Board INTEGRAL (IBIS) generates images of the sky with a ∼30
• field of view, an angular resolution of 12 ′ FWHM and a point source location accuracy of 30 ′′ -3 ′ in the 15-1000 keV energy range (Ubertini et al. 2003) . Using the soft γ-ray ISGRI detector of IBIS, a number of surveys of the Galactic plane have been published spanning the 18-100 keV energy range (Bird et al. 2004 (Bird et al. , 2006 . The 1 st IBIS/ISGRI survey, Bird et al. (2004) , announced the detection of PSR J1649−4349, a 0.87s radio pulsar, at 6.3 σ in the 30-50 keV energy range. Grebenev et al. (2005) , also detected the source with INTEGRAL during a deep exposure of the Norma spiral arm tangent at 9.1 σ in the 18-45 keV band at R.A. gested that the source may be an unknown X-ray binary and that the pulsar is serendipitous to the detected source. In the subsequent IBIS/ISGRI catalogues released by Bird et al. the source is listed as IGR J16493−4348 due to the uncertainty over the nature of the source. RXTE observations were made of IGR J16493−4348 using the PCA instrument by Markwardt, Swank, & Smith (2005) in April 2005. Two observations were performed on the 14 and 15 April for 3.5 and 2.6 ks respectively. No significant pulsations were detected at any timescale including the known 0.87s period of PSR J1649−4349. Markwardt, Swank, & Smith (2005) find that the mean spectrum of IGR J16493−4348 is consistent with a heavily absorbed power law with N H ∼ 10 23 cm −2 and a photon index of 1.4. They find a flux of 1.0×10
−11 , 1.3×10 −11 and 2.1×10 −11 erg cm −2 s −1 in the 2-10, 10-20 and 20-40 keV energy ranges.
Chandra imaging of the field of IGR J16493−4348 in October 2005 was performed for 4.1 ks by Kuiper et al. (2005 This position is 1.2 ′ away from the position of PSR J1649−4349. Kuiper et al. (2005) associate this source with IGR J16493−4348 and no X-ray photons are detected within 5 ′′ of the pulsar position. The Chandra light curve showed indications of variability but no periodicities were found in the 1-500s range and no X-ray spectrum could be extracted from the data. Kuiper et al. (2005) note that the earlier spectral measurement of IGR J16493−4348 by RXTE may be contaminated by another X-ray source, 1RXS J164913.6-435527, as this source is ∼6.7 ′ away and would be within the field of view of the PCA and was observed to be a bright 22.4σ source in the Chandra image.
IGR J16493−4348 is located on the Galactic plane, 20
• from the Galactic centre in the vicinity of the Norma spiral arm tangent. This location and the high absorbing hydrogen column density measured by RXTE make this INTEGRAL source a candidate of the class of highly obscured high mass X-ray binaries (HMXBs) of which INTEGRAL has discovered numerous examples (Kuulkers 2005; Dean et al. 2005; Walter et al. 2006; Bodaghee et al. 2007) .
In this paper we present a complete analysis of all archival INTEGRAL observations of IGR J16493−4348 and an analysis of Swift X-ray Telescope observations of the source in March 2006. Spectral and temporal analysis of both data sets is reported.
OBSERVATIONS

INTEGRAL data
The entire INTEGRAL data archive of public and Core Programme was searched for pointings which included IGR J16493−4348. A range of observations were found from 28 February 2003 -30 July 2006. 3843 individual pointings were made with IGR J16493−4348 in the field of view, which corresponds to an effective exposure of 2.8 Ms. The individual IBIS/ISGRI pointing data were reduced using the   ,  software version 5.1. A light curve of the individual pointings, each with an exposure of ∼2 ks, was produced and an image mosaic was constructed using the proprietary software of Bird et al. (2007) .
The maximum source detection in a single IBIS pointing is ∼4.2σ and typically it is considerably less than this; consequently it is not possible to extract a good spectrum from any individual pointing. All 3843 pointings were processed with the  software to produce images in 12 energy channels spanning the 22-300 keV range; the channels in the 22-100 keV range were logarithmically spaced to evenly distribute the counts across the channels (assuming a Crab-like spectrum). The weighted average flux of the source in each energy channel was calculated from the individual  flux and variance images and used to construct a standard spectral pha file. An appropriate rebinned rmf file was produced from the standard IBIS spectral response file to match the 12 chosen energy channels. This production of the spectra of weak persistent sources with INTEGRAL data by imaging in fine energy bands is an established method (Landi et al. 2007; Molina et al. 2006; Hill et al. 2005 ) and has been extensively tested against the 'standard' analysis for bright sources. This technique is fundamentally the same as that described in Appendix A of the spectral analysis of IGR J19140+0951 by Rodriguez et al. (2005) and is the same technique applied in the  mosaic spec tool. ′ , 90% error circle. The XRT 90% error circle is only 3.6 ′′ in radius and is located inside the INTEGRAL error circle. The Chandra position (Kuiper et al. 2005 ( v. 0.10.6) , in order to produce screened event files. All data were extracted only in the Photon Counting (PC) mode (Hill et al. 2004) , adopting the standard grade filtering (0-12 for PC) according to the XRT nomenclature. Events for spectral and temporal analysis were extracted within a circular region of radius 20 ′′ , centered on the source position, which encloses approximately 90% of the PSF at 1.5 keV (Moretti et al. 2004 ). The source background was measured within a source-free circular region with radius 90 ′′ located far from the source. Spectra and light curves were extracted from the corresponding event files using the  v.2.4 software. The spectra were binned using  in an appropriate way, so that the χ 2 statistic could be applied. We used the latest version (v.009) of the response matrices and created individual ancillary response files (ARF) using  v.0.5.2. are shown superimposed upon the Swift image in Figure 1 . The increased amount of INTEGRAL data and the correspondingly higher significance of detection has resulted in a more precise source position of IGR J16493−4349. Whilst our position is compatible with that found for the original detection (Grebenev et al. 2005 ) and the Chandra detection (Kuiper et al. 2005) , the location of PSR J1649−4349 is now outside of the 90% error circle and is ∼2 ′ from the refined position of IGR J16493−4348. The Swift/XRT image of the field yields a source detection of 45.9σ in the 1-9 keV energy band. The XRT source position is derived with the  task v.0.2.7 and including the correction for the misalignment between the telescope and the satellite optical axis (Moretti et al. 2006 Figure 1 and is compatible with both the new IBIS position reported here and the reported Chandra position.
ANALYSIS
Within a 5
′′ circle centred on the known position of pulsar PSR J1649−4349 the Swift/XRT detects a single X-ray photon within the 5.6 ks exposure. This is compatible with the non-detection of PSR J1649−4349 by Chandra which detected no photons in an area of the same size (Kuiper et al. 2005) .
Timing Analysis
An inspection of the light curve of the individual IBIS pointings, each with an exposure of ∼2 ks, indicates that IGR J16493−4348 is a weak, persistent source with no individual pointing having a detection significance of 5σ. A timing analysis was performed using the Lomb-Scargle periodogram method (Scargle 1982; Press & Rybicki 1989) ; no coherent signal was detected in the 2 ks -400 day period range. The weak nature of the source would require a very high amplitude periodic signal to be present in order to be clearly detected, however a large amplitude signal would be expected if the system were undergoing regular eclipses of a donor star. Additionally the weak detection of the source on 2 ks times precluded the possibility of searching on shorter timescales for any indication of pulsations.
Investigating the general trend of the long term IBIS light curve provides some evidence of long term variability in the source. The weighted mean flux of the source was fitted to the light curve and yielded a reduced chi-square value of χ 2 ν = 1.3 for 3841 degrees of freedom. Whilst not an unacceptable fit, the deviation of the chisquare value from 1.0 indicates some level of variability is present in the light curve although it is not of a significant amplitude to be characterised further.
Light curves with 5s and 50s binning were produced in the 1-9 keV band from the Swift/XRT data. The Lomb-Scargle periodogram method was again used to seach for any periodic signals present in the data. No coherent timing signal from 10-1000s was evident in the analysis. Using a Monte-Carlo approach, it was possible to assess the data quality of the 5s binned light curve and our sensitivity to periodic signals. Simulated light curves were generated which had the same sampling and statistical properties of the data but which had a sinusoidal modulation of ∼100 s introduced. The results of the Monte-Carlo simulations indicated that if the source has a pulse amplitude of < 35% we would be unable to detect it. Whilst no coherent signal was evident the 50s binned XRT light curve was not well fit by simple continuous emission. A fit to the weighted mean of the light curve yielded a reduced chi-square value of χ 2 ν = 1.7 indicating that the source flux was variable during the observation. Table 1 ).
Spectral Analysis
The 1-9 keV Swift/XRT spectrum and the 22-100 keV IBIS/ISGRI spectrum were simultaneously fit using the XSPEC software, version 12.3. A systematic error of 2% was included for the IBIS data and a cross-calibration constant was introduced into the model to account for any differences between the two instruments as well as to allow for source intensity variations considering the noncontemporaneous nature of the two spectra.
An initial fit to the data was attempted using a simple absorbed power law, however the parameters of the fit were badly constrained and the reduced chi-square of the fit was very poor (χ 2 ν = 1.8). Consequently more complex models were used. The best fit (χ 2 ν = 1.08) was achieved using an absorbed power law model with a high energy cut-off (wabs*cutoffpl) with a photon index of 0.6 ± 0.3, a cut-off energy of 17 +5 −3 keV and N H of 5.4 +1.3 −1 × 10 22 cm −2 (see Figure 2) . A cross calibration constant of ∼0.18 is required in the best fit model. An absorbed thermal bremsstrahlung model was also fit but was a worse fit to the data especially at low energies (χ 2 ν = 1.21). The residuals in the spectral fit around 6.5 keV indicated the possible presence of an Fe line or edge. Attempts to add either of these components to the spectral model do not significantly improve the fit and have unconstrained errors. The results of the fits to the data are shown in Table 1 .
The main parameters of the cut-off power law model were investigated for correlations, specifically the N H , cut-off energy and photon index. Figure 3 indicates the correlations between N H and photon index with the high energy cut-off. In both cases it is clear that the parameters are bounded and constrained. Additionally it is clear that within 3σ the high energy cut-off can vary between ∼10 keV and ∼24 keV, i.e. the energy gap between the Swift/XRT and the INTEGRAL/IBIS data. This uncertainty in the cut-off obviously impacts upon the index of the power law slope, requiring a much harder spectrum for a low cut-off energy than a higher one. The absorbing column is consequently also correlated but within 3σ lies in the range 3.8 < N H < 8.1 × 10 22 cm −2 . The cross-calibration constant of the model is rather low indicating that the source is variable between the non-contemporaneous X-ray and soft γ-ray observations. An additional explanation would be that the Swift-ISGRI association is spurious; this appears highly unlikely as IGR J16493−4348 is seen as a weak persistent source in the γ-ray band and both Chandra and Swift/XRT independently find an X-ray source at the same location within the INTEGRAL error circle. No other X-ray source is a candidate as the X-ray counterpart. The 1-100 keV flux for the source assuming the cut-off power law model is ∼1.1 × 10 −10 erg cm −2 s −1 ; the fluxes in the 2-10 keV, 10-20 keV and 20-40 keV band are ∼5.3 × 10 −11 , ∼2.7 × 10 −11
and ∼1.7 × 10 −11 erg cm −2 s −1 respectively. Kuiper et al. (2005) reported that there was no identifiable optical counterpart to IGR J16493−4348 in the Digital Sky Survey Maps. An examination of the USNO-B1.0 catalogue finds no optical counterparts within 10 ′′ of the Chandra position. Additionally, Kuiper et al. (2005) report a single 2MASS source, 2MASS J16492695−4349090, compatible with both the Chandra and Swift/XRT positions at distances of 0.39 ′′ and 4 ′′ respectively. It is the only 2MASS source within 7 ′′ of the Chandra position (Skrutskie et al. 2006) . Kuiper et al. (2005) observed the source in the Ks band and found a magnitude of 12±1, consistent with the 2MASS magnitude and indicating that there is no large scale variability of the source at this band.
IR archive data
A single source in the Spitzer GLIMPSE catalogue, SST-GLMC G341.3752+00.5829, is compatible with the high energy observations. This source lies 0.04
′′ from the position of the 2MASS counterpart; the GLIMPSE point source accuracy is reported to be typically 0.3 ′′ . The infra-red spectral energy distribution (SED) of the optical counterpart is shown in Figure 4 . We fit the SED with a blackbody at temperature T with extinction A V . Assuming the source is a sphere of radius r and at a distance D from the Earth then the model flux is:
where A ν is the absorption at frequency ν, given A V , based upon the formulae of Cardelli, Clayton, & Mathis (1989) . The model is successfully fit to the data with a reduced chi-square of χ 2 ν = 0.45; the fit is shown in Figure 4 with parameters r/D =6.9 × 10 11 , T = 9166 K and A V = 14.8. However, as noted by Filliatre & Chaty (2004) when performing a similar analysis, because of very strong parameter degeneracy this is not the only choice of viable model parameters. To explore this degeneracy we adopt a Monte-Carlo approach whereby a simulated SED is generated by randomly varying the original SED within its statistical errors and refitting the absorbed black-body model. A good fit with physically meaningful parameters was achieved for ∼200,000 simulations and the results for the extinction and temperature parameters are plotted in Figure 5 and clearly indicate the degeneracy of the two parameters.
As observed by Filliatre & Chaty (2004) , in the analysis of IGR J16318−4848, two regions can be loosely defined corresponding to two different physical systems: Table 2 ). Fluxes have not been corrected for extinction in the line of sight or intrinsic to the source. The dashed line represents the absorbed blackbody model fit discussed in § 3.3. (i) A low temperature of 3000-10,000 K with a wide possible range of extinctions, 9 < A V < 15. The r/D ratio lies within the range (0.7-1.2)×10 −10 . This is compatible with a main sequence dwarf star at a distance of 200-300 pc, or a cool red giant which if the star had a radius of ∼10 R ⊙ would be 2-3 kpc away.
(ii) A high temperature of >11,000 K with an extinction constrained within 14.5 < A V < 17.5. The r/D ratio lies within the range (3-6)×10
−11 . This is compatible with an early type stellar photosphere which assuming a stellar radius of 20-30 R ⊙ would place it 7.5-22 kpc away.
The extinction can be intrinsic to the source, along the line of sight or a combination of both.
DISCUSSION
The original association of IGR J16493−4349 and PSR J1649−4349 was based upon a low significance detection of a γ-ray source by the INTEGRAL satellite in the vicinity of PSR J1649−4349 (Bird et al. 2004; Grebenev et al. 2005) . The accumulation of more observations of this field, by INTEGRAL, has yielded the more significant source detection reported with a better fitted position and a smaller error circle which place the radio pulsar outside of the 90% error circle. There is a <1% probability that the INTEGRAL/IBIS source position is compatible with the pulsar. The Swift/XRT position further refines the location of the source to within an error circle of 3.6
′′ . Both of these positions are compatible with the Chandra position reported by Kuiper et al. (2005) and imply the association with PSR J1649−4349 as spurious. Furthermore the luminosity of IGR J16493−4348 if it were at the 5.6 kpc distance of the pulsar would be approximately five orders of magnitude higher than would be predicted from magnetic dipole losses.
The 1-100 keV broadband spectrum is fit best by an absorbed power law model with a high energy cut-off. The reported spectral model and fit parameters (see Table 1 ) are typical of accreting neutron stars in high mass X-ray binaries, e.g. Naik & Paul (2004) . The RXTE-PCA spectral measurement by Markwardt, Swank, & Smith (2005) is consistent with an absorbing column of, N H ∼ 10 23 cm −2 this is higher than measured by Swift-INTEGRAL and may represent variation in the intrinsic absorption however, the non-imaging nature of the PCA instrument means that the spectrum was likely contaminated by 1RXS J164913.6-435527 (Kuiper et al. 2005) . The RXTE/PCA 20-40 keV flux is given as 2.1 × 10 −11 erg cm −2 s −1 (Markwardt, Swank, & Smith 2005) this is comparable with the IBIS flux measured in this band of ∼1.7 × 10 −11 erg cm −2 s −1 . However, the flux in the RXTE/PCA 2-10 keV band is a factor of ∼5 lower than that observed by Swift/XRT, despite the possible contamination from 1RXS J164913.6-435527 being in the field. This may indicate that the soft X-ray flux is significantly variable whilst the harder X-ray flux is less so, however it must be remembered that the RXTE, Swift and INTEGRAL observations are not contemporaneous. The Chandra flux is quoted as 0.255 counts s −1 (Kuiper et al. 2005) ; using the spectral parameters quoted in this paper and the HEASARC  tool this equates to a flux of ∼6.7 × 10 −11 erg cm −2 s −1 in the 2-10 keV band. This is comparable to the Swift/XRT flux although slightly brighter and provides further evidence that the source is variable in this energy band.
Estimates of the weighted average neutral hydrogen density in a cone of radius 1
• along the line of sight of IGR J16493−4348 are N H ∼ 1.4 × 10 22 cm −2 (Kalberla et al. 2005) and N H ∼ 1.8 × 10 22 cm −2 (Dickey & Lockman 1990) . A range of (1.1-2.1) × 10 22 cm −2 is reported in the vicinity. Assuming the maximum observed line of sight measurement and the 3σ lower limit on the X-ray measured N H implies that the obscuration of the system is a minimum of 1.8 times that of the line of sight. This implies some level of absorption is intrinsic to the system. Modelling the IR SED with an absorbed blackbody implies a range of extinctions of 9 <A V <17.5. From Predehl & Schmitt (1995) this equates to an N H of (1.6-3.1) × 10 22 cm −2 ; this is comparable to what is expected for the line of sight. However, due to the degeneracy between the model parameters of SED model, the lower values of N H correspond are for cooler stars, which if they are on the main sequence, will be very close to us and consequently will effectively have no line of sight contribution; the higher N H values are slightly larger than the line of sight but would correspond to early type stars which would have a heavy stellar wind component which would increase their line of sight extinction. The IR SED cannot explain the larger X-ray measured abosorbing column which would imply that any intrinsic obscuring material is concentrated around the compact object.
INTEGRAL has identifed a class of highly obscured HMXB sources with N H > 10 23 cm −2 (Walter et al. 2004; Dean et al. 2005; Walter et al. 2006; Bodaghee et al. 2007 ). While IGR J16493−4348 does not have an intrinsic absorption quite this high it does lie at the high end of the range of measured N H for traditional HMXB systems. HMXB systems accreting via the stellar wind of a companion typically have luminosities of 10 35 -10 36 erg s −1 (Kaper, van der Meer, & Tijani 2004) . If the source is a HMXB then a likely location for the source would be within the Norma arm tangent, as this arm is tangential to the line of sight and which would give a source luminosity of ∼10 36 erg s −1 . However, even if placed at 23 kpc away, on the far side of the galaxy, the source luminosity would not exceed 10 37 erg s −1 in the 1-100 keV band. Furthermore studies of the luminosities of X-ray binaries broken down by compact object type have indicated that neutron star systems predominantly have luminosities of ∼10 36 erg s −1 whilst black hole systems predominantly have luminosities of ∼10 37 erg s −1 (Barret, McClintock, & Grindlay 1996; Dean et al. 2005) . The range of reasonable luminosities for IGR J16439−4348 would therefore suggest it is more likely a neutron star system. Timing analysis of the INTEGRAL/IBIS data also shows no indication of a coherent timing signal on timescales of the order of 10-1000 s or of days to months. The lack of any detected X-ray pulsations or any indication of orbital signature makes it difficult to say with any certainty that this is a high mass X-ray binary system. However, there is evidence in the light curves that the source varies both in the X-ray and γ-ray bands. This is further suggested by the low cross-calibration constant required in fitting the Swift-INTEGRAL spectra.
Despite the close proximity of the source to the plane of the Galaxy, the source lies only ∼20
• away from the Galactic Centre and could conceivably be a low mass X-ray binary which is located towards the edge of the Galactic Bulge. Typical absorbing columns for LMXB sources are N H < 10 22 cm −2 (Vrtilek et al. 1991; Bodaghee et al. 2007) . Hence the identification of a column density higher than that associated with the galactic line of sight would make this a very unusual LMXB system. Additionally, there is no indication in the 2.8 Ms of IBIS data of the source ever having undergone a type I X-ray burst which is characteristic of LMXB systems, however this is by no means conclusive.
CONCLUSIONS
We conclude that IGR J16493−4348 is not associated with the free radio pulsar, PSR J1649−4349 due to the position offset of the high energy emission and that the source is vastly overluminous in the 1-100 keV band to be powered purely by the spin-down of the pulsar.
The spectrum of IGR J16493−4348 is best fit by an absorbed power law with a high energy cut-off. The spectral characteristics of the source are typical of an accreting neutron star. The bright IR magnitudes of the IR counterpart together with the absence of an optical counterpart is indicative of an obscured source and are modeled well by an absorbed blackbody. The location of the source in the region of the Norma arm spiral tangent is a tentative indicator that this source is likely to be a neutron star HMXB. The proximity of the source, however, to the Galactic Bulge means that a low mass X-ray binary nature of this source cannot be ruled out.
The true nature of this source will only be definitively confirmed through further observations and study. Specifically, IR spectroscopic follow-up may identify the nature of the donor star and any detection of X-ray pulsations would confirm the nature of the compact object. However, based upon the location of the source, the possible intrinsic hydrogen obscuration and the X-ray spectra we suggest the object is likely to be an obscured HMXB accreting through a stellar wind.
